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It has been suggested that individuals with dyslexia show poorer
performance on those aspects of arithmetic that involve the
manipulation of verbal representations, such as the use of fact
retrieval strategies. The present study examined this in 13 children
with dyslexia who showed normal general mathematics
achievement and 16 matched controls. All children completed a
multiplication and a subtraction task, which were specifically
designed to elicit the use of retrieval and procedural strategies,
respectively.
Our findings revealed that despite normal mathematics
achievement, children with dyslexia were less accurate and slower
in single-digit arithmetic, particularly in multiplication. The
reaction time data revealed an interesting group by operation
interaction. Control children were significantly faster in
multiplication than in subtraction, whereas no such operation effect
was found in children with dyslexia. This suggests that in
multiplication children with dyslexia used less retrieval or less
efficient retrieval (or both). This is in line with the hypothesis that
children with dyslexia may have difficulties with the verbal aspects
of number and arithmetic, as retrieval strategies depend upon
phonological representations in long-term memory. Copyright r
2010 John Wiley & Sons, Ltd.
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INTRODUCTION
I
t has been demonstrated that dyslexia and dyscalculia co-occur frequently
(Shalev, 2007). Whereas several studies have examined children with
comorbid dyslexia and dyscalculia (Jordan, Hanich, & Kaplan, 2003;
Rousselle & Noe¨l, 2007), fewer have examined arithmetical skills in people with
dyslexia without dyscalculia (Simmons & Singleton, 2006). A recent review by
Simmons and Singleton (2008) suggests a specific link between dyslexia and
arithmetical performance. These authors argue that the weak phonological
representations of individuals with dyslexia might have an impact on those
aspects of arithmetic that involve the manipulation of verbal representations of
number, such as the retrieval of arithmetic facts. Although this has been
examined in adult dyslexics (Simmons & Singleton, 2006), there are currently no
studies available that have systematically tested this hypothesis in children. This
was the aim of the present study.
Dehaene’s neurocognitive model provides a framework for understanding
how different representations of number are related to arithmetical performance
(Dehaene, 1992; Dehaene, Piazza, Pinel, & Cohen, 2003). Firstly, there is a verbal
representation of number, located in the left perisylvian language areas, which is
involved in retrieval-based operations, such as multiplication. Secondly, there is a
quantity representation of number, located in the intraparietal sulcus, which is
assumed to subserve operations that typically involve quantity-based procedural
strategies, such as decomposing problems into smaller facts, which often
happens in subtraction. A dual task experiment by Lee and Kang (2002)
confirmed this distinction by showing that concurrent phonological processing
impaired performance on multiplication, which is more retrieval based, but not
on subtraction. This pattern might be explained by the fact that multiplication is
often learned through rote memorization, i.e. a verbal/phonological process,
while subtraction is usually taught as the inverse operation of addition, a process
which relies more on quantity representations of number. More recently, De
Smedt, Taylor, Archibald, and Ansari (in press) reported a specific association
between phonological processing and arithmetic problems with a high
probability of being solved by fact retrieval. This suggests that arithmetic fact
retrieval relies on verbal/phonological representations, which are retrieved from
long-term memory. Because individuals with dyslexia show difficulties with
phonological processing (e.g. Snowling, 2000) and abnormalities in the left
perisylvian language areas (see Temple, 2002, for review), it can be hypothesized
that dyslexics show poorer performance in multiplication than in subtraction.
Simmons and Singleton (2006) provided the first systematic data on different
arithmetic operations in dyslexia. They showed that adults with dyslexia were
less accurate in multiplication and subtraction. These adults were also slower in
addition and subtraction, and there was a trend for being slower in multiplication
as well. Several studies have indicated that multiplication is difficult for children
with dyslexia (see Simmons & Singleton, 2008, for review), although performance
on other operations was not systematically considered. Furthermore, these
studies did not provide detailed information as to whether the included children
with dyslexia had also comorbid dyscalculia. Dyslexia and dyscalculia co-occur
frequently (Shalev, 2007) and those individuals with comorbid dyslexia and
dyscalculia also have a specific deficit in the representation of numerosity, which
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is thought to be the hallmark of dyscalculia (Butterworth, 2005), in addition to
their phonological impairments. The arithmetic impairments of this subgroup of
children with dyslexia and dyscalculia might be explained by their impaired
numerosity processing or by their phonological weaknesses or by both. As we
were interested in the specific effect of phonological processing on arithmetic fact
retrieval in dyslexia, we focused on children with dyslexia without dyscalculia.
The present study tried to extend previous findings by examining different
arithmetical operations in children with dyslexia without dyscalculia. Therefore,
we only selected children who performed within the normal range on a
standardized general mathematics achievement test. As we wanted to examine
the distinction between retrieval-based and procedure-based arithmetic, we
focused on specific types of multiplication and subtraction problems. Against the
background of studies that used verbal reports to examine frequencies of
retrieval and procedure use as a function of problem type in typically developing
children of similar ages as the children in the present study (Barrouillet,
Mignon, & Thevenot, 2008; Imbo & Vandierendonck, 2008), we selected
multiplication problems with a high probability of retrieval and subtraction
problems with a high probability of procedure use. Imbo and Vandierendonck
(2008) showed that second and fourth graders reported retrieval on 64% and 85%,
respectively, of the multiplications with a product below 20; therefore, these
problems were administered to target a retrieval strategy. Barrouillet et al. (2008)
reported 73% procedure use on subtractions with crossing a 10 in third grade
children, and therefore, these problems were selected to elicit a procedural
strategy. By selecting these problem types, both tasks were also matched in terms
of size of the numbers in the problem.
We expected that children with dyslexia would show particularly poor
performance on multiplication. These problems are likely to be solved by means
of fact retrieval, which is assumed to rely on phonological processing.
It should be noted that children with dyslexia might present general
difficulties in the naming of highly frequent stimuli, like digits (Bowers &
Ishaik, 2003). Therefore, we also administered a digit-naming task to exclude the




Twenty-nine third grade children participated in this study (Table 1). They
were selected from an ongoing longitudinal study (see Boets, Wouters, van
Wieringen, & Ghesquie`re, 2006, for a detailed description of this sample). All
children were native Dutch speakers without a history of medical problems.
Dyslexia was diagnosed on the basis of a double criterion that took into account
severity and persistence of the literacy problem (Gersons-Wolfensberger &
Ruijssenaars, 1997). Children with dyslexia performed below the 10th percentile
on a standardized reading or spelling test in both first and third grades. We only
included children without a formal diagnosis of dyscalculia and who scored
within the normal range (4Pc 25) on a standardized curriculum, based general
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mathematics achievement test, which measured number knowledge, multidigit
calculation, word problem solving, geometry and measurement.
Control children were selected from the same classes within the same schools
as the children with dyslexia. Control children scored within the normal range
(4 Pc 25) on the reading and spelling tests assessed in first and third grades and
on the general mathematics achievement test in third grade. None of them
received a formal diagnosis of dyslexia or dyscalculia. As summarized in Table 1,
control children were matched to the children with dyslexia in terms of sex,
parental educational level and intellectual ability. Children with dyslexia
performed significantly poorer on reading and spelling in both first and third
grades.
Although we only included children without dyscalculia who scored within
the normal range, i.e. within the second, third and fourth quartiles, on the general
mathematics test, the frequency distribution of children with dyslexia differed
significantly from controls: 7, 4 and 2 children with dyslexia versus 2, 5 and 9
controls scored within the second, third and fourth quartiles, respectively
(Fisher’s exact test: po0.05). Although children with dyslexia did not present
mathematical disabilities, they performed lower than their controls but within
the normal range on the general mathematics achievement test.
Materials
A single-digit multiplication task and a single-digit subtraction task, both
developed using AFFECT 3.0 software (Hermans, Clarysse, Baeyens, & Spruyt,
2002), were administered (De Smedt et al., 2007, 2009). Stimuli were presented
horizontally (e.g. 12–75) in white on a black background. Each trial was initiated
by the experimenter and started with a 200ms fixation cross-accompanied by a
short beep. After 1000ms, the arithmetic problem appeared in the centre of the
Table 1. Participant characteristics
Children with
dyslexia
(n5 13, 9 males)
Control
children
(n5 16, 9 males)
M SD M SD
Age (years; months) 8; 4 0; 3 8; 4 0; 3 F(1,27)5 0.03, p5 0.86
Maternal educational level 2.4 0.8 2.6 0.6 F(1,27)5 0.87, p5 0.36
Paternal educational level 2.3 0.6 2.4 0.5 F(1,27)5 0.37, p5 0.55
WISC III
Vocabularya 10 1 10 2 F(1,27)5 1.17, p5 0.29
Block designa 10 2 11 3 F(1,27)5 2.68, p5 0.11
Grade 1
Word readingb 83 7 106 12 F(1,27)5 37.38, po0.01
Spellingb 75 11 100 13 F(1,27)5 28.62, po0.01
Grade 3
Word readingb 68 14 105 12 F(1,27)5 57.89, po0.01
Spellingb 76 8 101 10 F(1,27)5 53.27, po0.01
aStandardized scores with population average M5 10 and SD5 3.
bStandardized scores with population average M5 100 and SD5 15.
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screen and remained visible until the child responded verbally. Children were
instructed to perform both accurately and fast. When the child responded, the
experimenter immediately pressed the spacebar of an external keyboard to
register the reaction time, after which the child’s answer was recorded. Two
practice trials were presented to familiarize children with task administration.
The stimuli were selected from the so-called standard set of single-digit
arithmetic problems (Lefevre, Sadesky, & Bisanz, 1996), which excludes tie
problems (e.g. 6 6) and problems containing a 0 or 1 as operand or answer. The
multiplication task consisted of 15 items with a product below 20 or a multiple of
5. These multiplications were selected to maximize the probability that children
retrieved the answer from long-term memory. Indeed, Imbo and Vandierendonck
(2008) showed by means of verbal reports that retrieval is the dominant strategy
used on these problems in children of a similar age.
The subtraction task comprised 16 problems with a minuend between 11 and
18 and a subtrahend between 2 and 9. All subtractions involved borrowing, to
prevent children from using mere fact retrieval to find the solution. This is
supported by findings from Barrouillet et al. (2008), who showed that procedural
use was the dominant strategy for solving these subtraction problems in third
graders.
A digit naming task (van den Bos, Zijlstra, & Spelberg, 2002) was additionally
administered to control for individual differences in the speed of digit
identification. In this task, the child had to name as fast and accurately as
possible the digits 2, 4, 5, 8 and 9, which were presented 10 times each. The digits
were randomly ordered on a card in 5 columns of 10 stimuli. The time to name all
the digits was recorded. Children with dyslexia (M5 38.1, SD5 8.6) were
significantly slower than controls (M5 29.4, SD5 6.2) on this task (F(1,28)5 10.0,
po0.01). This difference was additionally taken into account in analyses where
reaction time differences were investigated.
RESULTS
Descriptive statistics for accuracy and reaction time are shown in Table 2 for each
group and operation. With regard to accuracy, there was a main effect of group
(F(1,51.62)5 6.97, p5 0.01), but no main effect of operation (Fo1) or group by
operation interaction (Fo1). Children with dyslexia performed less accurately
than controls on both multiplication and subtraction. With regard to speed, there
Table 2. Accuracy and speed in single-digit arithmetic
Children with dyslexia Control children
M SD M SD
Accuracy (% correct)
Multiplication 78.18 15.80 88.89 4.82
Subtraction 75.00 26.88 87.89 11.74
Speed (s)
Multiplication 7.47 3.91 3.39 1.45
Subtraction 7.43 2.84 4.61 1.85
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was no main effect of operation (Fo1), but there was a significant main effect of
group (F(1,27.9)5 21.95, po0.01) and a significant group by operation interaction
(F(1,26.7)5 4.10, po0.05). Children with dyslexia performed slower than controls
on both multiplication and subtraction. Interestingly, the effect of operation was
different in both the groups: Control children performed significantly faster in
multiplication than subtraction, while this effect was not observed in children
with dyslexia.
As children with dyslexia were significantly slower than controls in digit
naming, the aforementioned differences in reaction times might have been
contaminated by digit-naming speed. Therefore, we re-analyzed the reaction time
data with digit naming as an additional covariate. We again observed a
significant group by operation interaction (F(1,26)5 4.25, p5 0.04). In line with
the abovementioned findings, control children showed a reaction time advantage
for multiplication versus subtraction, but this effect was not present in the
dyslexic group. Moreover, there was no group difference in subtraction, while
children with dyslexia performed significantly slower in multiplication.
DISCUSSION
The present study revealed that children with dyslexia who have normal
mathematics achievement perform more poorly than controls in single-digit
arithmetic. Initially, we expected that children with dyslexia would show
particularly poorer performance on the administered multiplications, because
these problems were selected to elicit the use of a retrieval strategy, which is
known to rely on verbal/phonological representations of number. We expected
group differences to be less prominent in subtraction, because the administered
subtractions were selected to target a procedural strategy, which is known to rely
more on quantity-based number representations.
The present study, however, showed that children with dyslexia performed
less accurately than controls on both multiplication and subtraction. This might
be explained by the lower performance of children with dyslexia on the general
standardized mathematics achievement test. However, it is important to note that
the general mathematical ability of children with dyslexia was within the normal
range, although lower than controls.
With regard to speed, a significant group by operation interaction emerged,
showing that group differences were more pronounced in multiplication than in
subtraction. Interestingly, control children were significantly faster in
multiplication than in subtraction, whereas no such operation effect was
observed in children with dyslexia. Against the background of studies that
have collected verbal reports to determine strategy use in children of the same
age (Barrouillet et al., 2008; Imbo & Vandierendonck, 2008), we selected
multiplication problem types that have a high probability of being solved by a
retrieval strategy, and subtractions that have a high probability of being solved by
a procedural strategy. The observed operation effect reflects the use of different
strategies across both the operations, i.e. retrieval in multiplication and
procedural strategies in subtraction, particularly because retrieval strategies are
executed faster than procedural strategies (Barrouillet et al., 2008; De Smedt et al.,
2009; Imbo & Vandierendonck, 2008).
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The difference in reaction times between operations cannot be attributed to size
of the numbers in the problem, because the multiplications and subtractions were
all in the same number domain. This difference can also not be explained by effects
of practice. If the latter would have been true, then subtractions should have shown
a reaction time advantage over multiplications, because subtractions are taught
earlier and have been practiced for more years in school than multiplications. This
indicates that use of more retrieval or more efficient retrieval most likely explains
the reaction time advantage in multiplication observed in controls.
Children with dyslexia did not show this effect of operation. This suggests that
in multiplication children with dyslexia used less retrieval or less efficient
retrieval (or a combination of both). This fits with the hypothesis of difficulties
with the verbal aspects of number in children with dyslexia (Simmons &
Singleton, 2008), as retrieval strategies are assumed to depend upon phonological
representations (Dehaene et al., 2003; De Smedt et al., in press).
The present findings are in line with the earlier reports of multiplication
difficulties in children with dyslexia (Simmons & Singleton, 2008). Our data
extend these previous findings by showing that these multiplication difficulties
also occur in children with dyslexia without dyscalculia. Landerl, Bevan, &
Butterworth (2004) failed to find group differences between children with
reading difficulties without dyscalculia and controls on single-digit addition,
subtraction and multiplication. However, these authors used a very lenient
criterion to define reading difficulties, i.e. performance below the 25th percentile.
This lenient criterion is likely to result in a heterogeneous sample including
children with dyslexia and children with poor reading achievement due to
environmental factors. In contrast, our study used a very strict criterion that took
into account both severity and persistence of the reading difficulties. This might
explain the disparity between the current findings and those of Landerl et al.
(2004). Nevertheless, a careful visual inspection of the reaction time data of
Landerl et al. (2004) suggests that the children with reading impairments were
indeed slower than controls, particularly on multiplication and addition.
It is important to note that the children with dyslexia in the current sample
performed within the normal range (above the 25th percentile) on a general
standardized mathematics achievement test that measured number knowledge,
multidigit calculation, word problem solving, geometry and measurement. None
of the participants received a formal diagnosis of dyscalculia. It is therefore
unlikely that the current findings are explained by a highly specific deficit in the
representation of numerosity, which is thought to be the hallmark of dyscalculia
(Butterworth, 2005). Rather, our findings indicate that children with dyslexia
have difficulties with those problem types that typically involve retrieval and
that are known to be related to phonological processing (De Smedt et al., in press).
This suggests that the phonological deficits in children with dyslexia put them at
risk for developing arithmetic fact retrieval difficulties.
The current findings are only preliminary, as from the present data, we do not
have any direct measurements of the strategies that children applied during
arithmetical problem solving, such as verbal reports (Siegler, 1996). Therefore, it
is not clear whether in dyslexic children, the absence of an operation effect is due
to less frequent retrieval or to less efficient retrieval or to both. Individuals with
dyslexia might have been slower in retrieval or they might have relied on
procedural strategies (like repeated addition) to find the solution. Future studies
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should therefore collect detailed strategy data, which allow a more fine-grained
examination of the frequency and efficiency of retrieval strategies in children
with dyslexia.
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